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Abstract 
 The utilization of wind energy for power generation purposes is becoming increasingly attractive and 
gaining a great share in the electrical power production market worldwide. In the present study, a mathematical 
model is developed to study the parameters that affect the electrical power generated by the wind turbines. The 
considered parameters are turbine swept area, air density, wind speed, lift/drag ratio and power coefficient as a 
function of blade tip speed. The study shows that the operational aerodynamic parameters has a direct effect on the 
generated power which will lead the developers and researchers to focus on the highest aerodynamics priority that 
should be considered for manufacturing and suitable the new generations of wind turbines.     
List of symbol 
A        Rotor swept area (m2) 
a, a      Axial and tangential interference factor  
B         Number of blade 
BET    Blade Element Theory 
C         Profile chord for blade (m) 
CA, CT Axial and tangential force factors 
CD, CL Drag and lift coefficients 
CP        Power Coefficient 
 Cq           Moment coefficient 
D          Drag force (N) 
d           Rotor diameter (m) 
E,G      Dimensionless factors for axial and tangential interference factors 
mr              Local momentum coefficient for blade station 
n            Number of revolution of rotor per minute(rpm) 
R            Radius of turbine rotor (m) 
r             local radius of turbine rotor (m) 
V            wind speed (m/s) 
Vr           rated wind speed (m/s) 
            angular velocity (rad/s) 
              Angle of attack (deg.) 
              Aerofoil relative angle (deg.) 
               Air density (kg/m3) 
b                   Prandtal efficiency  
              Tip speed Ratio 
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d              Design tip speed ratio   
r              local tip speed ratio  
               Solidity     
 
1. Introduction 
The wind is natural phenomenon related to the movement of air passes caused primary by 
differential solar heating of the earth surface. Most wind turbine blades where adaptations of airfoils 
developed for aircraft and were not optimized for wind turbine uses. In recent years developments of 
improved airfoil sections for wind turbines have been ongoing. That may have modifications in order to 
improve performance for special applications and wind conditions. To gain efficiency, the blade is both 
tapered and twisted. The taper, twist and airfoil characteristic should all be combined in order to give the 
best possible energy capture for the rotor speed and site conditions[1]. Milborrow and Ainslie[2] used a 
streamline curvature technique for calculation of flow pattern performance prediction. The power 
coefficients obtained through this method at high rotor loadings were higher than those obtained through 
momentum considerations. R Lanzafame[3] and Messina used the blade element momentum theory to 
obtain maximum electrical energy output for a rotor with two blades, with a 10 m diameter, in a given 
wind site. Yukio Watanabe[4] used the boundary element method (BEM) to evaluate the maximum the 
power coefficient Cp of the horizontal axis wind turbine (HAWT) blade operating in low Reynolds 
number range less than 106. In this paper, the suitable design was obtain for fast running wind turbine 
rotor by using blade element theory and momentum theory to compute the area under the curve (Cp-  
2. The design parameters 
 Airflow over a stationary airfoil produces two forces, a lift force perpendicular to the airfoil and a 
drag force in the direction of airfoil, the existence of the lift force depends on laminar flow over airfoil. 
When the airfoil is move in the direction of the lift this translation will combine with the motion of the air 
to produce a relative wind direction (W), the airfoil has been reoriented t maintain a good lift to drag 
ratio. The lift and drag forces can be split into components parallel and perpendicular to the direction of 
the undisturbed wind. The lift is perpendicular to the relative wind but is not in the direction of airfoil 
translation, and these components combined to from the tangential force and axial force as shown in 
Fig.(1). The tangential force acting on the turbine rotor in the direction of translation which is available to 
do useful work, and allow for the blades to rotate around to horizontal axis and causes a torque that drive 
some load connected to the turbine rotor as shown in Fig.(1). The other force is axial force on the 
direction of the undistributed wind which must to be used in the design of airfoil supports to assure 
structural integrity, and the tower must be strong enough to withstand this force. 
3. Power coefficient 
 The fraction of power extracted from the power in the wind by a practical wind turbine is usually 
given the symbol Cp standing for the coefficient of performance which is not a constant, but varies with 
the wind speed, the rotational speed of the turbine, and turbine blade parameters such as angle of attack 
and twist  angle. The HAWT have variable twist angle, the twist angle is varied to hold power coefficient 
at it largest possible value up to the rated speed of the turbine, designing the blades to have a maximum 
coefficient of performance bellow the rated wind speed helps to maximize the energy production of the 
turbine. 
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 The axial and tangential interference factor (a and a ) can be calculated form the following 
relationships 
      
Where cossin DLT CCC , sincos DLA CCC  
From Fig.(2) can get        
                                           
Where the solidity ratio is   
                                            
Substitute equations 2 and 3 in equation 1 can get 
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For Fig.(2) can get 
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Tip speed ratio is the dimensionless ratio of the tip speed to the upstream wind speed(V) 
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Then From equation 10 and Fig.(2) we get 
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The torque coefficient is 
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According to Prandtal, the reduction of efficiency which results is given for wind machine having 
(B)blades, and the wind rotor is running in the neighborhood of optimal condition the Prandtal relation 
follows that 
                        
2
2b 445.0B
93.01  
Then equation 12 becomes is  
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1
0
brq R
rdm2C  
The different values of the coefficient (Cq ain by measuring the area situated 
between the various curves graduated tip speed ratio  values using numerical integration. Then the power 
coefficient Cp is related to (Cq)by relation 
                       qP CC  
 
 
 
 
 
4. Aerofoil drag characteristics 
 The definition of the drag coefficient for wind turbine blade is based not on the frontal area but on 
the plan area, for reasons that will become clear later. The flow past a body which has a large span normal 
to the flow direction is basically two-dimensional and in such cases the drag coefficient can be based 
upon the drag force per unit span using the stream-wise chord length for the definition  
  
 
For a wing of large span the value of CD is roughly 0.01, at moderate Reynolds number. The drag 
coefficient of an aerofoil also varies with angle of attack. Fig.() shows that on the upper surface pressure 
is rising as the flow moves towards the trailing edge, this is called an adverse pressure gradient and seeks 
to slow the air down. If the air is slowed to a standstill stall will occur and the pressure drag will rise 
sharply. The strength of the adverse pressure gradient increases with angle of attack and so it can be 
expected that the drag will rise with angle of attack. Fig.(3) shows the variation of CD 
symmetrical NACA0012 aerofoil. The lift/drag ratio ( shown in Fig. (4)) has a significant affect upon the 
efficiency of a wind turbine and it is desirable that a turbine blade operates at the maximum ratio. The 
nature of the flow pattern around an aerofoil is determined by the Reynolds number and this significantly 
affects the values of the lift and drag coefficient. The general level of the drag coefficient increase with 
decreasing Reynolds number and below a critical Reynolds number of about 200000 the boundary layer 
remains laminar causing a sharp rise in the coefficient. The affect on the lift coefficient is largely 
concerned with the angle of attack at which stall occurs. As the Reynolds number rises so does the stall 
angle and because the lift coefficient increases linearly with angle of attack below the stall, the maximum 
value of the lift coefficient also rises. Characteristic for the NACA0012 aerofoil are shown in Fig.(5)   
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5. Computer Program 
A simulation program in matlab was designed, and blade element and momentum theories are 
used to get the formulas that used in this program and because the fast running HWAT has chosen 
therefore the blade number has taken between 1 and 4 and aerofoil section NACA 0012 
    
 
 
 
 
 
 
 
 
 
 
 
Wind-C  
6. Result and Discussion  
1. Fig.(6) the CP- P is only 
0.47, achieved at a tip speed ratio of 7, which is much less than Betz limit. The discrepancy is 
caused in this case by drag and tip losses but the stall also reduces the CP at low values of the 
tip speed. Even with no losses included in the analysis the Betz limit is not reached because 
the blade design is not perfact. 
2. The other principle parameter to consider is the solidity. For the three-blade machine above 
the solidity is 0.0345 but this can be altered readily by changing its number of blades. The 
main effect to observe of changing solidity are as follows, see Fig.(7). Low solidity produce a 
board, flat curve which means that the CP will change very little over a wide tip speed ratio 
range but the maximum CP because the drag losses air high. High solidity produced a narrow 
performance curve with a sharp peak making the turbine very sensitive to tip speed ratio 
changes and if solidity is too high, has a relatively low maximum CP. the reduction in CPmax is 
caused by stall losses. An suitable solidity appears to be achieved with three blades, but two 
blades might be an acceptable alternative because although the maximum CP is a little lower 
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the spread of the peak is wider and that might result in a larger energy capture. It might be 
argued that a good solution would be to have a large number of blades of small individual 
solidity but this greatly increases production costs and results in blades which are structurally 
weak and very flexible. 
3. Fig.(8) shows how the torque developed by a turbine rises with increasing solidity. For high-
speed turbines designed for electricity generation as low a torque as possible is desirable in 
order to reduce gearbox costs. The peak of the torque curve occurs at a lower tip speed ratio 
than peak of the power curve. The peak of curve occurs while the blade is stalled. 
4. Fig.(9) the effect of solidity on thrust, the thrust force on the rotor is directly applied to the 
tower on which the rotor is supported and so consideration influences the structure design of 
the tower. The thrust on the rotor are increases with increasing solidity. 
 
Fig.(1) Force Diagram                      Fig.(2) Velocity diagram 
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Fig.(3) The pressure distribution around aerofoil  NACA0012
 
                                                                 Fig.(4) Lift/Drag ratio variation 
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Fig.(5) Variation of the drag and lift coefficient with Reynolds Number in the stall 
       
Fig.(6) Performance curve for three blade turbine 
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Fig.(7) Effect of changing Solidity 
 
Fig.(8) the effect of solidity on torque 
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                             Fig.(9) The effect of solidity on thrust 
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